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Abstract
The present study examines the recently developing literature around mindset in an
educational setting. Theorists believe that how we think impacts how we approach situations.
How individuals think about these situations can be defined as a fixed or growth mindset. The
discussion includes a novel suggestion for a math classroom intervention involving asking
students to journal about the intersection of their interests with mathematical concepts and
outlines the results from a study testing this intervention in a local high school. The results show
that this intervention may have increased mindset pertaining to general intelligence. A discussion
of limitations due to small sample sizes and limited timing is also included.

ELIZABETHTOWN COLLEGE

Honors Senior Thesis
Release Agreement Form
The High Library supports the preservation and dissemination of all papers and projects completed as part of
the requirements for the Elizabethtown College Honors Program (Honors Senior Thesis). Your signature on
the following form confirms your authorship of this work and your permission for the High Library to make
this work available. By agreeing to make it available, you are also agreeing to have this work included in the
institutional repository, JayScholar. If you partnered with others in the creation of this work, your signature
also confirms that you have obtained their permission to make this work available.
Should any concerns arise regarding making this work available, faculty advisors may contact the Director of
the High Library to discuss the available options.

Release Agreement
I, as the author of this work, do hereby grant to Elizabethtown College and the High Library a non-exclusive
worldwide license to reproduce and distribute my project, in whole or in part, in all forms of media,
including but not limited to electronic media, now or hereafter known, subject to the following terms and
conditions:
Copyright
No copyrights are transferred by this agreement, so I, as the author, retain all rights to the work, including but
not limited to the right to use in future works (such as articles or books). With this submission, I represent
that any third-party content included in the project has been used with permission from the copyright
holder(s) or falls within fair use under United States copyright law
(http://www.copyright.gov/title 17/92chap I .html# 107).
Access and Use
The work will be preserved and made available for educational purposes only. Signing this document does
not endorse or authorize the commercial use of the content. I do not, however, hold Elizabethtown College or
the High Library responsible for third party use of this content.
Term
This agreement will remain in effect unless permission is withdrawn by the author via written request to the
High Library.

Date:

_5_t_/0-~~l_q_ _

High Library 3.2019

MINDSET IN MATH CLASS

3
1. Introduction

Every math teacher knows that not all students are equally motivated. By this I mean
there are some students who are consistently engaged with material, passionate about learning,
and willing to work to understand new concepts, and there are students who are not.
The students in our math classrooms are in one of three situations. The first is your
student who seems to understand math naturally. She memorizes the equations and finishes the
problems before anyone else. You may hear her bragging to her friends that she never needs to
study for math tests because they are just so easy. Her ability is high, but her engagement is low,
because she doesn't need to be fully focused to succeed.
Your second student is low achieving and doesn't seem to care. He comes to class with
his homework unfinished, leaves answers blank on tests and refuses to participate in class. He is
defensive about the course, claiming that he will never need math in the future and asking,
"When does anybody in the real world use this?" rather than learning the material. No matter
how many times you try to help him, he brushes you off. This student has low ability because of
his ambivalence and low engagement, because he believes that no matter how much effort he
expends, won't succeed.
Your third student may be high or low achieving, but he tries harder than anyone else in
the room. Instead of googling an answer on his homework when he can't figure it out, this
student struggles with it and ends up writing a page of work that may or may not result in a
correct solution. He seems optimistic about the class, even when things are going poorly, and
may come to get extra help before or after school. This student asks thoughtful questions and
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may seek out the answers himself. This student may not have the highest score in the class, but
he is completely engaged.
Most teachers would agree that the third student is one you dream of having, but what
makes him so different from other students? The answer is his mindset. The third student has a
growth mindset. He believes that his achievement is a direct result of his work, rather than an
arbitrary innate ability he may or may not have. What he is naturally good at is simply a starting
point, from which he could move any distance with enough hard work. This student is likely to
become passionate about looking for challenges, rather than be content with what he already
knows (Dweck, 2006).
The first two students have the opposite, fixed mindset. These students believe that their
ability is set in stone. They were born at their highest potential, and no determination on their
part can ever change what that base-line is. Both students view the need to exert effort as failure,
which explains their disengagement. These students have an almost incapacitating need to prove
that they are capable in the domains in which they excel, and to avoid the domains in which they
do poorly (Dweck, 2006).
Fixed and growth mindsets are present everywhere, not just in math classrooms.
Individuals with fixed mindsets don't believe that relationships grow or improve with hard work
and are therefore less likely to develop healthy romantic, platonic, and familial relationships than
those with growth mindsets (Dweck, 2006). Individuals with a growth mindset in relation to
mental health are less likely to sustain long-term anxiety after stressful life events than those who
have a fixed mindset (Schroder et al., 2017). Human resources administrators are now actively
looking to employ individuals with a growth mindset, as having a fixed mindset has been shown
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to decrease job performance (Rock, David, & Jones, 2013). In short, having a growth mindset is
advantageous in all aspects of life.
Fixed and growth mindsets are important to understand in the context of education, and
classroom interventions that can help students develop a growth mindset are important. This
study will explore how mindset is connected to other topics to engagement and present an
existing intervention as a potential way to change student mindset.

5
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2. Literature Review
Mindset and Other Non-Cognitive Factors
Growth mindset may seem to be a new buzzword for something we know has mattered in
learning for a long time: motivation. This is not entirely an accurate representation of what
mindset is, though. Motivation is present in every moment, and is neither positive, nor negative.
Motivation is simply the reasons we do what we do. Mindset is the origin of these reasons.
Returning to our three students, both the first student and the third student are motivated to
complete their homework. The student with the growth mindset does so because he wants to
learn and improve. The student with the fixed mindset completes her homework to demonstrate
her intelligence and because not doing so would be perceived as a failure. Motivation is
important, but the reasoning for a student's motivation is much more telling than the task they
are completing.
Our reasoning for actions that originate internally is usually described as intrinsic
motivation. Some students are motivated to complete homework because of a love of learning or
a desire to feel the satisfaction of figuring something out, rather than from an external push, like
grades or allowance. Generally, students with growth mindsets are motivated intrinsically, while
students with fixed mindsets are motivated extrinsically (Ng, 2018). A recent study at a
university found that when students encountered setbacks in a difficult course, those who had a
growth mindset were more likely to sustain motivation than those with a fixed mindset. Even
when faced with the fact that they could not achieve a grade higher than a C, students with a
growth mindset avoided demotivation (Aditomo, 2015).
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The fact that grades are almost always involved in the classrooms where growth mindset
is currently studied implies that there is constantly an extrinsic motivating force action on
students. Chao, Visaria, Mukhopadhyay and Dehejia (2017), found that when growth mindset
intervention interacted with extrinsic motivators students could be negatively affected.
Specifically, if high-achieving students feel as if they do not have autonomy over a potential
reward and are given a growth mindset intervention, their academic performance is likely to
decline. This interaction of motivation and mindset is especially relevant for high-achieving
students who already have a firmly fixed mindset and demonstrates that non-cognitive factors
like motivation and mindset interact in surprising and complex ways that we do not yet fully
understand.
Another measure closely connected to growth mindset and motivation is grit, a concept
first observed and named by Angela Duckworth (2016). Grit is the ability of an individual to
persevere through challenges over a long period of time to reach one or several goals. Grit theory
places significant emphasis on the personal interests of individuals, and how interests foster
effort. For example, students who enjoy music are likely to practice for hours each day in the
week leading up to the school play while neglecting other responsibilities because of their lack of
interest in the endeavor of AP Calculus. Many researchers claim growth mindset is more
generalizable to all endeavors, regardless of prior interest levels. Both grit and growth mindset
emphasize an unwillingness to back down from a challenge, and persistent practice to grow and
achieve.
Grit and growth mindset are fundamentally and physically different. Work by Myers,
Wang, Black, Bugescu, and Hoeft (2016), showed that individuals scoring high on grit surveys
and low on growth mindset had different organization of their brains than those scoring high on
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growth mindset and low on grit, as shown on functional magnetic resonance images (fMRis).
These two attributes are more likely to be observed together than apart, though (Duckworth,
2016).
Most neuroscience researchers consider mindset and grit to be non-cognitive attributes
that individuals develop over time (Myers, Wang, Black, Bugescu, & Hoeft, 2016; Ng, 2018).
This means that a student's mindset or their amount of grit impacts their actions without their
knowledge. Non-cognitive attributes operate under the surface of an individual's thoughts and
actions, like personality characteristics do. Non-cognitive factors are difficult to study, and the
result is often conflation of ideas that are not necessarily the same. There are very distinct
differences between growth mindset and grit, but many researchers equivocate the two
(McClendon, Neugebauer, & King, 2017; Robson & Rowe, 2012; Zeng, Hou, & Peng, 2016).
This makes research difficult to compare and may have affected the results of the studies
discussed here.

Mindset Development and Interventions
If growth mindset is such a positive trait for students to possess, a natural next step is to
explore how growth mindset comes to develop in individuals. Before discussing relevant
intervention programs, we consider the purpose of these interventions. According to a recent
analysis of the mindset of gifted seventh grade science students, gifted students are more likely
to hold growth mindset beliefs than those not identified as gifted, but there was a large amount of
variability in this sample, indicating that many gifted students in fact held fixed mindsets
(Esparza, Shumow, & Schmidt, 2014).
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One of the largest growth mindset interventions to date, spanning ten schools, enacted a
short online intervention that involved reading an article about growth mindset followed by an
activity where students encountered difficulty and had to overcome it. This intervention found
that the effect on mindset beliefs were very significant. Students in the experimental group
widely developed a growth mindset immediately following the intervention, but this change in
mindset had almost no effect on GPA (Yeager et al., 2016). Essentially, the relationship between
academic success and mindset is not always clear. While many interventions aim to increase
academic performance, the ones most focused on mindset examine how mindset has changed
over time, rather than an effect on grades.

Parental Interaction
Early in growth mindset research, evidence seemed to show that the mindset of teachers
and parents would transfer to their students and children (Dweck, 2006). Recently, though,
criticism of these studies has surfaced, which claims that previous studies relied too heavily on
simple correlations between the mindset of parents and teachers and the children they interact
with (Haimovitz & Dweck, 2017).
A recent study with more than 1,500 paiiicipants showed that when parents who already
had a growth mindset were given suggestions of how to interact with their children in a way that
reflected these beliefs while completing reading homework, their children's reading ability
improved, but there was no evidence of a change of mindset in the children, as the children were
very young (Andersen & Neilson, 2016). This implies that although parents may have a growth
mindset, they do not necessarily pass on their way of thinking to their children.
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Many students develop growth mindset without intervention, though. This is mainly
achieved through interactions with adults, during which the children witness reaction to their
own failure, perseverance through challenges, and comments relating to ability (Haimovitz &
Dweck, 2017). These are not big interventions, but small, consistent experiences that take place
over a lifetime, which is perhaps why many interventions, which appear to work short-term, fade
over time. Most research has a crippling flaw: time limits. At some point researchers must make
conclusions and share their findings, and mindset theory has not been fully developed for long
enough to develop true longitudinal studies.

Pedagogical Approaches
Just as we know that interactions between parents and children are very important to the
development of a growth mindset, interactions with teachers also play a significant role. Lee and
Kemple (2014) found that mindsets and personality traits impact what teachers choose to teach in
their classrooms, perhaps providing more opportunities for students to meaningfully interact with
material. Specifically, if teachers are open to experience, they are likely to teach creatively and
foster growth mindsets in their students, even though they weren't teaching specific growth
mindset content, as some interventions do.
We also know that when teachers have a growth mindset and are instructed to implement
a mindset intervention plan they will be more successful than teachers who have a fixed mindset
(Paek, & Sumners, 2017). Their students have better academic outcomes and are happier with
the atmosphere of the classroom. A case study of four teachers implementing a growth mindset
intervention plan outlined by researchers also showed that some teachers were more successful
than others in extending the intervention into their typical class time (Schmidt, Shumow, &
Kackar-Cam, 2015). These inconsistencies indicate that the teachers involved have to truly
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believe in what they are teaching for any intervention to be successful. Hopefully in the future
we will see more interventions focused on changing the mindsets of teachers specifically.

Neuroscience Interventions
Some of these interventions focus on giving students knowledge about how the brain
functions, grows, and changes with learning. In one of the most recent studies of this kind,
Medina-Garrido and Leon (2017) implemented such a program in just 55 minutes with highschool students. They presented information suggesting that the brain works similarly to a
muscle. Over time it can get stronger and perform better. They also provided information about
how neurons are formed, and evidence suggesting that measures of IQ are out of date and
inaccurate. Their results showed that fixed mindset decreased after this intervention, but in just a
month, the students had reverted to their previous mindsets. This may seem unsurprising,
considering how little time was given to the intervention, but other interventions have been
structured as such, and have shown similar uninspiring results.
Other interventions supply similar information, but over a longer period of time. Esparza,
Shumow, and Schmidt (2014) created a 6-week program that taught "Brainology," to be
completed in science classes. This program involved online modules to be completed in class,
which focused on how the brain develops and that intelligence can be changed. There was also a
homework activity for each module that was completed at home, as well as one class a week led
by a researcher in person. This intervention resulted in an increase of growth mindset beliefs,
which were supposedly sustained over a period of time, though this last set of data and analysis
was not published. The claim that this intervention would have longer lasting impacts than the
55-minute presentation discussed above is one that sounds logical, but has not yet been
effectively demonstrated.
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Another recent 5-week study implemented with more than 100 public high school
students showed no lasting effects at all. Homeroom teachers in Hungary were taught how to
implement a program that included a focus on neuroplasticity, the ability of the brain to grow
and change, and everyday uses of growth mindset. The result of this intervention was no
significant change in mindset just three weeks after the intervention ended (Orosz, Peter-Szarka,
Bothe, Toth-Kiraly, & Berger, 2017). Information about brain functionality and explaining the
concepts of growth mindset may have some short-term impact, but regardless of the time spent
implementing a program, there has been no research to show any lasting impact of this type of
intervention.

Indirect Approaches
In most literature, grit and growth mindset are framed as cognitive traits that one does or
does not possess, which impacts how an individual engages with educational material or other
aspects of life (Boaler, 2016; Duckworth, 2016; Dweck, 2006). However, this may be an
inadequate representation of the reality of mindset. Recent research from Bostwick, Collie,
Martin, and Durksen (2017) found that growth mindset may be a descriptive measure of
engagement and motivation. What these researchers called growth orientation, a combination of
growth mindset and growth-based goals, was shown to be associated with mathematics
achievement and engagement, but a causal relationship was not entirely clear. The data showed
that age, gender, and previous levels of knowledge described changes in classroom engagement
just as much as growth mindset. This fits well with the research described above from LaurianFitzgerald and Roman (2016), since cooperativity seemed to increase growth mindset. In short,
there is some compelling evidence that mindset can be framed as a product of many other traits
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that an individual has, such as willingness to engage with material, social connectedness, and
interest level, rather than mindset being the cause for these.
This different perspective on mindset creates space for new interventions that aim to
increase some behavior, which will incidentally positively impact mindset. In an educational
setting, we know that engagement and interest in learning decreases as students age (Bostwick,
Collie, Martin, & Durksen, 2017). The current study aims to find whether interventions based on
relating student interests to mathematics will encourage the development of growth mindset in
students, but other interventions have tried to affect mindset indirectly, as well.
In Romania, researchers implemented a cooperative-learning program in a first-grade
classroom over the course of 8 weeks (Laurian-Fitzgerald & Roman, 2016). They taught students
about teamwork, taking turns, and being encouraging by their peers. They measured mindset
with a lengthy survey, which students answered on a scale, the validity of which can be
questioned considering their participants were only 6 years old. The researchers did see a
significant change in mindset of more than 30% over the course of the intervention, which is
surprising considering the seemingly unrelated intervention.
Indirect interventions can also include an indirect mode of communication of growth
mindset material. Singer-Freeman and Bastone (2017) implemented a study with college students
focused on how students interacted with material in two phases. The first phase involved
students demonstrating the knowledge they were given through a worksheet or an online
portfolio, and the second asked students to do their own research and report their findings as a
paper or an online portfolio. In both cases, students had a more significant change in mindset if
they completed the online portfolio. This format allowed them to express their own beliefs in a
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more individualized fashion, and to take ownership over the material, leading to a greater
change.

Interest, Creativity, and Engagement
Perhaps it seems obvious that when students are interested in a subject they are more
likely to engage with the material, persevere through challenges, and be open to conveying their
accomplishments with that material to their peers (Duckworth, 2016). This is one of the
fundamental principles of the theory of grit. While studying first-year college students, Kahu,
Nelson, and Picton (2017) found that students who chose classes based on their interests attended
class more, were more likely to stay in their major, and earned significantly better grades than
those who chose courses because of family encouragement or mandatory course requirements. In
high school, though, students primarily take courses that are required to graduate, so how can
teachers generate student interest in this less interest-conducive environment?
There are specific teachers who encounter seemingly uninterested students every day and
who have found an approach that encourages students to participate in classroom activities and
become open to feedback. These teachers are Autism Spectrum Disorder (ASD) specialists.
Researchers Lanou, Hough, and Powell (2012) conducted several case studies of the integration
of student interests into the academic setting as a tool to help regulate behavior. One student's
interest in doodling led educators to use his drawings to increase his engagement with what he
was ignoring: his own feelings of frustration. Another student's love of math was used to create a
graph bit by bit throughout the day to draw attention to the good parts of his day. Another case
study of a small group of young boys with ASD interested in video games and computers showed _
that the boys became more interested socially when their umelated interest, computers, were
present (Diener et al., 2016). This evidence is a compelling starting point for research pertaining

MINDSET IN MA TH CLASS

15

to the generalization of interest. If students are interested in computers, they can be prompted to
be engaged in social situations. What if students are interested in other hobbies? Can that interest
be expanded into the classroom rather than a social atmosphere?
Research of methods to increase student engagement usually falls into one of two
categories. The first is a classroom-wide intervention, where every student completes the same
assignments or has some input into what the entire class does. The other category involves
teaching students as individuals. Each person's assignment may look different, and each student
may encounter different expectations. These two methods of increasing classroom engagement
are both important to consider.

Classroom Interventions
The first, and perhaps most straightforward way to incorporate student interests into the
classroom is to allow each class to have some amount of input pertaining to the curriculum. This
method has been widely explored in social studies classrooms. In the Netherlands, two schools
offered students an opportunity to bring their individual perspectives to the curriculum. These
seventh-grade students would begin each unit with a category, given to them by the teacher, then
make a list of questions they were curious about related to the topic. Then the teacher would
ensure that the questions asked most often were prominently placed in the curriculum. This
process gave students a voice and ownership over their learning, and moderately increased
engagement (Bron, 2014).
Another method of increasing student participation and engagement is through relevant
instruction, rather than isolated instruction. Oftentimes students are given what feels like a list of
arbitrary and unimportant facts, which they are expected to memorize and implement in the
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classroom. If these facts are related specifically to their lives, many teachers believe they are
more likely to retain the provided information. Orthner, Jones-Sanpei, Akos, and Rose (2013)
found that teaching which related content to future occupations and career choices lessened the
decline in engagement typically observed during middle school.
Though generally effective, neither of these methods substantially change the structure of
classes, so they will not solve the problem of student disengagement due to a monotonous
lecture-style classroom that does not fit with the learning styles of every student. This is why
Problem- or Project-Based Leaming (PBL) has gained so much popularity in the past several
years. PBL attempts to create a controlled and structured creative environment, by presenting
students with the opportunity to confront a problem, research possible solutions, and
preliminarily implement some of the solutions they find. Here, creativity can be defined as any
discovery, action, or interpretation that is novel and appropriate to the learner, even if their
creative product is not completely new compared to other people. This type of creativity, called
mini-c, supports learning and retention of material (Boaler, 2016).
Several studies, spanning domains and ages, have recently shown that PBL is an effective
tool in any classroom, even though it's initial use was to teach medical students how to diagnose
patients and carry out treatment (Laforce, Noble, & Blackwell, 2017). Adding learning activities
that fit the PBL style to a lecture-based botany course resulted in increased academic
performance and engagement (Goldberg & Ingram, 2011 ). Similarly, a high school civics class
observed increased interest in the subject and active civic engagement in the community after
implementing a PBL curriculum (Wukich & Siciliano, 2014). There were some concerns in the
first study, though, that critical thinking seemed to decline with the program (Goldberg &
Ingram, 2011), and Laforce, Noble, and Blackwell (2017) found that the efficacy of these
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programs is not dependent upon the quality of the activities, but the student perceptions of the
program.
An interesting case of PBL that has been very widely studied is the use of the computer
game Minecraft in math classrooms. Minecraft is known as a sandbox game, meaning that
players enter an essentially empty space and can create whatever they'd like. Many classrooms
have used Minecraft to ground math and physics concepts in a way that students can relate to.
The platform also can draw interest from typically disengaged students. The cooperative nature
of the educational version of the game allows teachers and students wo interact and work
together on projects, as well (Nebel, Schneider, & Rey, 2015). There are some challenges to
using Minecraft as a teaching tool, including the fact that there are usually a few students in the
class who completely dominate every activity, which limits the learning of the other students
(Nebel, Schneider, & Rey, 2015). Teachers have also reported that many of their students don't
want to learn by using a computer game that has a steep learning curve. These students feel left
behind, and even when encouraged by teachers to participate, often become disengaged (Ellison,
Evans, & Pike, 2016).
The intriguing aspect of the Minecraft model is that it draws students in who love
computers and gaming, rather than those who are simply good at math, and gets them to engage
with math concepts. This begs the question, could we find a way to engage students in whatever
domain they are strongest, and use that domain to increase engagement with math concepts?

Individual Interventions
The students in a high school classroom usually have a litany of different interests and
passions, including everything from gardening, to soccer, to musicals. Some students find their
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own ways to introduce their passions into the classroom. For example, science fiction film
enthusiasts have found that their love of certain films shaped their involvement in certain
academic subjects like philosophy, music, and physics (Little, 2012). If teachers invited the
interests of students into the classroom, rather than begrudgingly letting them in when a student
finds the courage to ask, we may be able to increase student engagement more widely than we
can with a blanket, classroom-wide approach.
Teachers know that every student is different, but the depth of this difference may be
more profound than many realize. Students become engaged with content when they are
"triggered" to do so. There are many ways to trigger student interest and engagement, but not all
of them work for every student. Renninger and Bachrach (2015) studied eight triggers in a
biology program: autonomy, challenge, technology, group work, hands-on activities,
instructional conversation, novelty, and personal relevance. They found that each learner can be
triggered to engage with material in more than one way, but that these ways differ from learner
to learner. They also found that the best way to figure out how to get a student interested was to
ask them. Open conversations about how much students enjoy the class and feel they are learning
should be welcomed, even if teachers come to hear a hard truth. There is a lot of discourse in the
educational community about learning styles, but it seems that engagement styles could be just
as important to student success.
As well as recognizing the importance of what draws the attention of students, we must
know how to hold that attention and keep them engaged. Gardiner (2017) found that students are
most engaged when the level of challenge they face matches their level of ability by studying
students learning playwriting skills. If students encounter a problem that is much too difficult for
their abilities, they will become overwhelmed and give up. If students become bored by a

MINDSET IN MATH CLASS

19

problem much too easy for their skill level, they will also become disengaged. The best way to
keep students involved is to keep them challenged, but not overwhelmed, and this is a judgement
that can only be made on an individual basis.
Each student is an individual and has their own interests outside of the classroom. This
means that the relevance of an example or grounded method depends on the student to whom it
is being presented (Belenky & Lennart, 2014). This is why Minecraft works so well for some
students and so terribly for others. When Algebra I students were given word problems relating
to their interests, they were able to read and solve the problems faster, due to their familiarity
with the subject. This ability generalized to problems not related their interest after they
understood the concept in their own context. In this study, which used adaptive learning
technology in the general education classroom, personalization of material was found to be
directly related to academic success (Walkington, 2013). Furthermore, the career and goal
oriented grounding techniques previously described in a classroom-wide setting are more
effective in a personalized setting (Nagle & Taylor, 2017).
The integration of interests into the classroom has been shown to increase engagement.
The present study will find whether an incorporation of interests will also indirectly lead to a
growth mindset in general and related to mathematics specifically.
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3. Methods
The current study was conducted in two precalculus classrooms, with 17 total
participating students. Permission was obtained from the Elizabethtown College Institutional
Review Board (IRB) and consent forms were received from the parents or guardians of every
participating student before the study began. This population was a result of convenience
sampling, rather than a random sample, as it was the location of the researcher's student teaching
placement.
This study was designed as an action research project, containing both qualitative and
quantitative results. The purpose of action research, as defined by Mertler (2017) is to investigate
the process of learning and teaching as it exists in a specific school with specific students. The
results are not typically generalizable and are meant to serve as a sort of self-reflection for
teachers implementing the method (Hendricks, 2009). Though this study is more rigorous than
most action research plans implemented by teachers informally in their classrooms, the
weaknesses of the study, namely the lack of generalizability and the small sample size, should be
noted.
This study was designed to have both an experimental group and a control group. All
students were provided with a composition book for the project, which they were given to keep
following the conclusion of the study. Due to class scheduling anomalies, the control group had
only three participating students. Participating students were given a growth mindset survey,
provided in Appendix A. After filling out these surveys, students engaged in a weekly journaling
assignment that lasted for 4 weeks. Each Monday students received a new question to explore
that was connected to what we were discussing in class. These questions were designed to make
students think about the content more deeply than typically required but could be completed in
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approximately 30 minutes. The prompts for each week are provided in Appendix C. The student
turned in responses each Thursday and were provided with written feedback and a new question
the following Monday. At the conclusion of the 4 weeks, students took the same growth mindset
survey as they had previously.
The experimental group's procedure was nearly identical to the control group but had 13
participants. Students completed the growth mindset survey from Appendix A and an interest
survey, provided in Appendix B, at the beginning of the 4 weeks. These students journaled for 4
weeks, but instead of answering a uniform question about what we were doing in class, students
were given prompts that related math topics to their interests. Some sample prompts are provided
in Appendix D.
This study was conducted asking two questions. The first is whether connecting student
interests to math will increase engagement in the math classroom, where classroom engagement
is operationally defined as the attentiveness and participation of students in classroom activities.
Results answering this question are qualitative, based on observations made by the researcher
while in the classroom and the depth of engagement with the journaling project over time, shown
through student work samples. Students were also asked to reflect on the project as a whole at
the conclusion of the journaling. Qualitative data allows an examination of nuances not seen in
numerical data and is used appropriately when results cannot be reduced to numbers (Leedy &
Ormrod, 2013). In this case, classroom engagement cannot appropriately be quantified.
The second research question being explored is whether an incorporation of interests into
the math classroom induces a growth mindset in students. Results confirming or contradicting
this hypothesis are quantitative, being measured and analyzed numerically (Leedy & Ormrod,
2013). First, we will establish whether base-line student scores show a growth, fixed, or neutral
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mindset for each group. We also use a matched-pairs analysis of the results of the students'
growth mindset surveys from the beginning and end of the trial period pertaining to math
specifically and intelligence in general, to establish the impact of the intervention. Any students
who did not complete both surveys and all assignments in the journals were not included in the
sample sizes given above. We also compared the results from the participants in the control and
experimental groups.
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4. Results
Initial Mindset
Students in the experimental group (n=13) began the project with a math mindset score of
14 on average, where 12 is neutral. Their average general intelligence mindset score was 16.07.
More details about scoring the mindset survey are included in Appendix A. Each of these was
found to be significantly different from the neutral score at a significance level of a=.01. The
correlation between math and general intelligence mindset was positive and moderate at .61. A
matched pairs test showed that intelligence mindset was significantly higher than math mindset
at a significance level of a=.05.
Students in the control group (n=3) began with a math mindset average score of 15.67
and a general intelligence mindset score of 17. Each of these was found to be significantly
different from the neutral score at a significance level of a=. 01. The correlation between math
and general intelligence for this group was strong and positive at .87. There was not a significant
difference between math and general intelligence mindset scores for this group due to the small
sample size.

Intervention Impact
Quantitatively, the intervention made an interesting impact on the general intelligence
mindset of students. The experimental group students' scores rose on average from 16.07 to 16.9,
which is significant at a significance level of a=.05. One student's score declined, 7 students'
scores remained the same and 5 students' scores increased. The control group also saw a
significant increase in scores at the a=.05 level. All three of the students in this group improved
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their growth mindset. The intervention did not show any significant impact on math mindset
specifically.
Qualitatively, the project had a very clear arc of acceptance in the classroom. At the
beginning of the study many students were unenthusiastic about the prospect of another project
to complete, however, as the study continued, students began to accept the presence of the
journals in class. At the conclusion of the study, students were asked to briefly reflect on the
project. Their responses are included in the final section of Appendix E. Student work samples
from both the experimental and control groups. There was no difference in entry length or
quality over time.
Due to the varied sample sizes and their small nature comparing the results of the control
and experimental group would not produce valid information.
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5. Discussion
Journaling in math class is not a new idea, but typically journaling is much more
structured than this study sought for it to be. The goal was to provide students with freedom to
explore their math knowledge and personal interests. Students chose to write about sports,
musical theater, dentistry, and future careers in the army. The project made the math we were
doing in class more meaningful for students because they saw that math truly was important
outside of the classroom. Some even discovered that math outside of the classroom can be fun.
Appendix E shows many responses that indicate this conclusion.
As a teaching tool, the journals were time consuming, but also helped to build
relationships. While grading journal entries and responding to students, teachers learn about what
their students enjoy and how they think. This is invaluable in the classroom, where inferences
about student behavior are essential to effective classroom management.
For these reasons, the journaling was shown to be a valid choice for teachers looking to
adjust the atmosphere of their classroom or their teaching style. However, the evidence for
whether the journals actually improved mindset is inconclusive. The inability to compare the
control and experimental group data is unfortunate, but the groups appear to have experienced
similar changes throughout the study, rather than the experimental group experiencing a more
effective change, which would be expected if the student interest element of the journaling was
significant.
The limitations of this study are clear. The results above cannot be generalized to the
larger population due to the small sample sizes. Additionally, the data could have been skewed
by several factors outside of the research. Due to scheduling at the school, the two surveys

MINDSET IN MATH CLASS

26

corresponded with the beginning and end of a marking period. For the same reason, many
students began class with the researcher at the same time as they took the first survey, so any
differences seen during the journaling project may have simply been students adjusting to a new
instructor.
However, this avenue of growth mindset research should not be abandoned. Future
studies with larger samples over longer periods of time may or may not show that incorporating
student interest affects mindset; the question is still open. There is also a possibility that the
students who participated in the study already had too high of a growth mindset score to
experience any large impact. The same project with students who have a fixed mindset may
show very different results. Future research will hopefully also address other possible indirect
ways to improve mindset, like incorporating cooperative learning or peer tutoring into classroom
procedures.
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6. Conclusion

Mindset is important for educators to understand because it impacts how students
function in the classroom and will impact the students' lives after they leave the public school
system. Teachers may have a larger impact on student mindset than we realize, as many
interventions are only effective when those with a growth mindset present material. Though the
advantages of a growth mindset are clear, there is no universally accepted way to improve
growth mindset long-term.
Journaling with student interests as a classroom intervention to improve mindset was
neither shown to be effective nor ineffective in improving student mindset. This inconclusion is
due to natural limitations of the study. However, feedback from students about the project was
almost universally positive. One student stated what he learned "makes art more appealing."
Another said he "liked researching and getting [his] thoughts down," and a third said he "almost
looks forward to the prompts." Perhaps the impact these students attempted to describe is best
summed up by one who simply wrote, "The journaling has really opened my eyes to the math
world." The statistics may not have been conclusive about observable growth mindset impact,
but every math teacher should consider whether interest journaling may help their students in
other ways.
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Appendix A: Growth Mindset Survey Questions

Adapted from Mindset: The New Psychology of Success by Carol Dweck (2006)
Each question was presented in the style of a Likert Scale, asking students to choose 1 if
they Strongly Disagreed with the statement, 2 if they Disagreed, 3 if they felt Neutrally, 4 if they
Agreed, and 5 if they Strongly Agreed.
1. Your math ability is something very basic about you that you cannot change much.
2. You can learn new things, but it won't change how good you are at math.
3. No matter how good you are at math, you can always change it a lot.
4. You can always change how good at math you are.
5. Your intelligence is something very basic about you that you cannot change much.
6. You can learn new things, but it won't change how intelligent you are.
7. No matter how intelligent you are, you can always change it a lot.
8. You can always change how intelligent you are.
Questions 1, 2, 5, and 6 indicate fixed mindset, and questions 3, 4, 7, and 8 indicate
growth mindset. For measurement purposes, answers to fixed mindset questions were reversed, a
score of 1 became 5, 2 became 4, and so on. Scores from the first four questions, which had point
values between 4 and 20, gave a math mindset score to each student, and scores from the last
four questions were used to give a general intelligence mindset score to each student.
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Appendix B: Interest Survey Questions

Students were asked to answer the following questions in an open-ended format, allowing
for any number of responses. Any confusion or unclear responses were discussed with students
and clarified.
1. What is your favorite school subject?
2. What extra-curricular activities are you a part of? (Choir, Basketball, Band, Model
UN, Dance, etc.)
3. What are your favorite activities to do during your free time?
4. What career would you like to have someday?
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Appendix C: Prompts for the Control Group
The following prompts were given to students in the control group, regardless of
individual interests. All relate to work we were doing in class.

Week 1: Please find an example of data following one of the patterns we spoke about in 3. 5
online. Write about the data and describe the situation in which it was collected as best you can.
Week 2: Last week was Pi Day. Go onto the Stand Up Maths YouTube channel. Find one of
Matt's Pi Day videos where he approximates Pi in a convoluted way. React to the video and
explain his method.
Week 3: This week, explore how the unit circle could be used by someone in the work force. Is
this tool helpful to anyone not in math class?
Week 4: Find a right triangle in your everyday life. Made a diagram and measure the sides of the
triangle. Use what you know about trigonometry to calculate the angles of the triangle.
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Appendix D: Sample Prompts for the Experimental Group

The following are examples of prompts in the form of short letters to individual students
written by me each week.

Student A,
Music and math are used together in many different ways. In very simple terms there is
the study of how math is used to construct instruments and sound. Some musicians also take
mathematical concepts and represent them musically. You can think of this as using math to
create music or using music to create math.
Choose one of these concepts and watch the corresponding video that I've listed below.
Then brainstorm other areas of music that have foundations in math or other math concepts that
could be represented with music.
Have fun!
Ms. Wesneski

Student B,
You certainly have the textbook definition of game theory down. You used a lot of
terminology in your entry, like "rational decision makers" and "mixed strategy equilibrium."
Why don't you look at what the words optimal and rational mean in game theory? Try to explain
each one as if you are speaking to someone who knows nothing about game theory at all. What
outside factors make playing an optimal game of volleyball difficult?
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Ms. Wesneski

Student C,
You chose one of the most famous pieces of art that demonstrates the golden ratio. I also
love the piece for may of the same reasons you do. I've also seen you drawing in class and you
are very talented. For this week, why don't you incorporate the golden ratio deliberately into a
piece of art? Like you said, it can be found unintentionally in many places, but some artists use it
purposefully. What you make doesn't have to be complete or elaborate. If you use the ratio in a
way that won't be obvious to me, please include a description of how it is used.
Have fun!
Ms. Wesneski
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Appendix E: Student Work
The following are samples of student responses from the experimental group.
•

"Music engineering and production contains math. Trigonometry is used to balance
sound waves so every aspect cacn be heard. Every note has various harmonics. The
equation for a note can be shown as ("A" note volume)x(cosine)x(the pitch)x(time)+
("B" note volume)x(sine)x(the pitch)x(time). A since wave is a waveform with the same
representation as a sine function in trig whose graph shows a repetitive oscillation. The
equation for a sine wave can be shown as y=sinx and a cosine wave can be shown as
y=cosx."

•

"Another one of Einstein's famous [accomplishments] is E=mcA2. Many people know
him for it more than any of his other work. This equation suggests that tiny particles of
matter could be converted into huge amounts of atomic power. He also generated the
time travel and quantum theory that is still very famous today. Movies are made on this
theory and still scientists try to prove whether or not it is true. Lastly, he helped create the
first atomic bomb."

The following are samples ofresponses from the control group:
•

"This graph talks about the rule of 70 which tells you how long it takes for someone's
money to double if it uses compounding interest. The graph starts at (0, 1) and the growth
rate is 2.8%. The graph goes all the way up to (16, 100). The key says that if you divide
70 by the growth rate then it gives you the year it gets doubled. In this example it takes
25 years."
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"I feel like an architect could use the unit circle during work. Architects can use their
imaginations to create amazing buildings, so I wouldn't be surprised for them to use the
unit circle. I personally can see a pointy, triangular building with the unit circle as the
model."

The following were given as a response to the following request at the end of their final prompt.
"Please take a moment to reflect on your journaling over the last several weeks."
•

"Journaling was fun and interesting. It wasn't a burden and it was cool to do something
that interests me unlike my other schoolwork."

•

"The notebook taught me a lot about how many subjects can come together. I liked
researching and getting my thoughts down."

•

"I thought these journal entries were fun to do. It gave me a chance to go outside my
bubble and try to find other interests."

•

"I assume these journals are to interest us in math, and although I was skeptical, I almost
look forward to the prompts. ©"

•

"This journal actually did help me see more math inside of art especially in the golden
ratio, which makes art more appealing."

•

"Although I find the topics interesting, I would rather do something else with my free
time."

•

"The math journaling has been interesting and has helped me to notice that math is
constantly around me.

•

"The journaling has really opened my eyes to the math world."

